Introduction {#sec0005}
============

In December 2019, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was identified as responsible for the coronavirus disease 2019 (COVID-19) outbreak that started in China ([@bib0080]). Treatment options investigated during previous severe acute respiratory syndrome (SARS) and Middle East respiratory syndrome (MERS) epidemics, both caused by other viruses of the *Betacoronavirus* genus (SARS-CoV-1 and MERS-CoV, respectively), have been proposed as possible therapeutic agents for SARS-CoV-2, with controversial results. These agents include ribavirin and interferon alpha 2b (IFNα-2b) ([@bib0050]), lopinavir/ritonavir ([@bib0015], [@bib0005]), and hydroxychloroquine ([@bib0060], [@bib0010], [@bib0025], [@bib0070]).

Remdesivir, a nucleotide analogue prodrug with broad-spectrum antiviral activity ([@bib0065], [@bib0055]), has shown promising activity against SARS-CoV-2 in vitro ([@bib0070]). Two case reports ([@bib0035], [@bib0040]) and a recent clinical study of 54 patients ([@bib0030]) showed encouraging results in COVID-19 patients. Conversely, a randomized study did not show any significant clinical benefit, although it probably lacked power ([@bib0075]).

Five patients were treated with compassionate-use remdesivir in our centre in Paris, France. Early findings in two of these patients have been described previously ([@bib0045]). Here we describe the complete follow-up, drug tolerance, and virological monitoring of these five patients.

Case presentations {#sec0010}
==================

Participants and sources of data {#sec0015}
--------------------------------

All patients admitted to the Bichat-Claude Bernard University Hospital, Paris, France, between January 24 and March 1, 2020, diagnosed with COVID-19 and treated with remdesivir (Gilead Sciences), were enrolled. The indication criteria for compassionate-use remdesivir were defined by the French national regulatory authorities and French Ministry of Health: signs of severe illness at diagnosis or subsequent clinical worsening (respiratory symptoms or general signs). Since March 22, all patients requiring antiviral treatment have been enrolled in the Discovery Study (2020-000936-23). The Institutional Review Board of Bichat-Claude Bernard University Hospital approved this report and waived the need for informed consent from individual patients, due to the retrospective chart review design and absence of identifying images or personal/clinical details that could compromise anonymity.

Procedures {#sec0020}
----------

All patients received remdesivir via intravenous infusion with a loading dose of 200 mg and a maintenance daily dose of 100 mg for a maximum duration of 14 days. All nasopharyngeal and bronchoalveolar samples were collected in universal transport medium (Virocult, Sigma) and transported to the laboratory within 24 h. All quantitative reverse transcription PCR (RT-qPCR) tests were performed according to the World Health Organization recommended procedure ([@bib0020]) after extraction on MagNA Pure (Total NA Large Volume Kit, Roche Diagnostics) from 200 μl of transport medium and amplification on an ABI 7500 instrument (Life Technologies). Quantification was done using a standardized RNA transcript control obtained from the European Virus Archive programme. Bacterial and mycological investigations were conducted on a separate sample without virological transport medium using the usual procedures for bacterial growth. Bronchoalveolar lavage fluid was also tested with an multiplex PCR assay (FilmArray Pneumonia assay; BioFire, BioMérieux) for virus and bacteria detection, and by fungal culture with mass spectrometry identification for *Aspergillus* detection. All samples were processed in a biosafety level 3 laboratory (BSL3).

Results ([Figure 1](#fig0005){ref-type="fig"}) {#sec0025}
==============================================

Case 1 {#sec0030}
------

A 31-year-old Chinese male originating from Wuhan and reporting flu-like symptoms for 6 days was diagnosed with COVID-19 on January 24, 5 days after arriving in Paris. He was immediately hospitalized with mild lymphopenia (1.00 × 10^9^/l) and thrombocytopenia (1.46 × 10^9^/l); there were no abnormalities on chest X-ray. RT-qPCR on nasopharyngeal samples was positive, with a SARS-CoV-2 viral load (VL) of 10.5 log~10~ copies/ml. On day 10 of illness, he was transferred to the intensive care unit (ICU) due to worsening oxygen saturation (PO~2~ = 58 mmHg; low-flow nasal cannula 4 l/min) and bilateral ground-glass and alveolar opacities on chest computed tomography (CT) scan with no increase in VL. Remdesivir was started on January 29, 2020 (day 11 of illness) and was stopped on day 15, due to alanine aminotransferase (ALT) elevation (195 IU/l versus 46 IU/l before remdesivir administration) and the presence of a maculopapular rash. A rapid decline in VL from a cycle threshold (Ct) value of 27.6 to undetectability was observed on day 2 of remdesivir infusion. The skin and liver abnormalities improved within 3 days after discontinuing treatment. The patient was discharged on February 12. Figure 1Clinical and viral evolution of the case patients.For each patient, the type of hospital ward is indicated by the coloured rectangles, supplemental O~2~ requirement by the dashed blue line, and remdesivir infusion by the red line. Viral load is shown with black diamonds, nasopharyngeal swabs with a black line, lower respiratory tract samples (when available) with green squares, and plasma samples with red circles. The viral load was estimated by cycle threshold (Ct) values; the lower the Ct value, the higher is the viral load. A sample is negative above a Ct value of 40.Figure 1

Case 2 {#sec0035}
------

An 80-year-old tourist originating from Hubei Province, with a past medical history of thyroid cancer, presented on January 25 with fever and diarrhoea of 4-day duration. A chest X-ray showed bilateral alveolar opacities, but he did not fulfil the COVID-19 case definition at that time. Airborne and contact precautions were observed and the diagnosis of COVID-19 was eventually made 3 days later. On January 26, acute respiratory failure with multiple organ failure triggered his admission to the ICU. Broad-spectrum antibiotic therapy was started and adapted for co-infection with a susceptible *Acinetobacter baumannii* (diagnosed by multiplex PCR and confirmed by tracheal aspirate culture) and *Aspergillus flavus* (tracheal aspirate culture). Remdesivir was started on January 29, but was discontinued on January 31, as the patient needed renal replacement therapy. The nasopharyngeal VL decreased from a Ct value of 21.0 before infusion to 28.9 on day 2 of infusion. A CT scan performed on January 31 showed bilateral alveolar condensations, ground-glass opacities, and pulmonary cysts. On February 5, because of the disease severity and the persistence of viral detection, remdesivir was re-initiated. Multiple organ failure persisted without any other co-infection identified. He died on February 14.

Case 3 {#sec0040}
------

A 39-year-old male airport worker, who was obese (body mass index = 33 kg/m^2^) and had obstructive sleep apnoea syndrome, was diagnosed with severe COVID-19 and admitted to the ICU on February 26. He had had a cough and fever since February 21. He presented acute respiratory failure (PaO~2~ = 74 mmHg; high-flow nasal cannula 40 l/min, 40%) and basal interstitial syndrome on chest X-ray. Remdesivir was started on February 27. Viral RNA levels increased slightly from a Ct value of 32.5 to 28.8 during the first 4 days of infusion, and started to decline on day 5 until undetectability. On March 1, he was referred to the infectious diseases ward, and he was weaned off oxygen on day 13 of illness. His VL was below the RT-qPCR limit of detection on day 14. Remdesivir was discontinued after eight administrations because of ALT elevation (116 IU/l versus 43 IU/l before remdesivir administration) and a maculopapular rash. These symptoms resolved 5 days after remdesivir discontinuation and the patient was discharged on day 20 of illness.

Case 4 {#sec0045}
------

A 76-year-old French male, with a history of chronic kidney injury (creatinine 115 μmol/l, normal range 50--70 μmol/l), was admitted on February 22 due to a cough and fever of 24-h duration; he was transferred to our centre on February 26 after a diagnosis of COVID-19. The patient presented an SpO~2~ of 92% on room air and showed posterior pulmonary ground-glass opacities on chest CT scan. On day 11 of illness, he was transferred to the ICU due to worsening oxygen saturation (PO~2~ = 69 mmHg; low-flow nasal cannula 3 l/min). The nasopharyngeal VL was already very low at Ct 38.5, but remdesivir was initiated on March 3 and discontinued on March 12, as the SARS-CoV-2 VL was constantly negative; there were no side effects. The patient was weaned off oxygen on day 19 of illness and he was discharged on day 23.

Case 5 {#sec0050}
------

A 70-year-old male with a past medical history of chronic obstructive pulmonary disease was diagnosed with COVID-19 on March 1. He had had a cough and fever since February 23 while taking non-steroidal anti-inflammatory drugs for renal lithiasis. He was admitted to the ICU on March 2 with acute respiratory distress syndrome. Remdesivir was started on March 4 (day 11 of illness) and discontinued on March 6 because of acute kidney injury (creatinine level up to 396 μmol/l) needing renal replacement therapy. The VL in nasopharyngeal samples decreased significantly from Ct 26 to undetectability on day 2 of remdesivir infusion. However, the SARS-CoV-2 VL was detectable in bronchoalveolar lavage on March 10. Cefotaxime was initiated because of a *Haemophilus influenzae* respiratory co-infection. Nevertheless, he developed multiple organ failure and refractory acute respiratory distress syndrome despite prone positioning and adapted mechanical ventilation. Dexamethasone and lopinavir/ritonavir were started on March 12. He died on March 24 (day 31 of illness).

Discussion {#sec0055}
==========

Of this case series of five COVID-19 patients requiring ICU treatment for respiratory distress and treated with remdesivir, three (patients 1, 3, and 4) had a favourable outcome despite the initial respiratory severity. They were weaned off oxygen between day 14 and day 19 of illness and were discharged between day 20 and day 26 of illness. Patients 2 and 5 died in the ICU on day 25 and day 31 of illness with multi-organ failure. While on remdesivir treatment, we observed a decrease in nasopharyngeal VL in all but patient 2, for whom the treatment was re-introduced after an early interruption, without any additional decrease in VL in the upper or lower respiratory tract. For patient 5, viral replication was still ongoing in the lower respiratory tract despite a concomitant undetectable VL in the nasopharyngeal area, highlighting the discrepancies between viral replication in the upper and lower respiratory tract among the most severe patients. Plasma samples were only positive for SARS-CoV-2 for patient 2.

As described in previous case reports ([@bib0030], [@bib0040]), four of the five patients experienced major side effects while on remdesivir treatment: two suffered acute renal injury and two had a maculopapular rash with cytolytic hepatitis. Both kidney failure events could have been related either to remdesivir or to the SARS-CoV-2 infection. None of these patients received immunomodulatory drugs. [@bib0030] described 53 COVID-19 patients treated with remdesivir, among whom 30 were on mechanical ventilation. After a median follow-up of 18 days after remdesivir initiation, a total of 25 (47%) were discharged; seven (13%) died and 10 were still on invasive mechanical ventilation. No virological data were available in that report. A recent randomized controlled study ([@bib0075]) did not show any clinical of benefit for remdesivir treatment, but probably lacked power. Of note, 12% of patients in the remdesivir group discontinued remdesivir due to adverse events (compared with 5% in the placebo group).

In conclusion, the cases of the five patients presented herein highlight some difficulties with remdesivir infusion when administered in most patients with advanced disease. Particular attention should be paid to hepatic and kidney function when administering this treatment.
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